Abstract
INTRODUCTION
Soil is under increasing environmental pressure across the Community, driven or exacerbated by human activity, such as inappropriate agricultural and forestry practices, industrial activities, tourism or urban development (COM (2006) 232 final). Due to more than two hundred years of industrialisation, Europe has a problem of contamination of soil due to the use and presence of dangerous substances coming from many production processes (SEC (2006 (SEC ( ) 1165 . Most frequently, this activity is the source of pollution with heavy metals. The industrial activity led to the input of pollutants by atmospheric deposition. Therefore, the need for new monitoring schemes is obvious in view of the large-scale diffuse pollution problem, in relation with monitoring requirements of the water framework directive and groundwater directive ( Van-Camp. L. et al., 2004) . In general, soils from arable lands are under pressures from atmospheric deposition (persistent organic pollutants, heavy metals), direct input of pesticides, manure etc., which may lead to the slow accumulation of heavy metals and POPs in topsoil and to accumulation of phosphates in areas with intensive practices ( Van-Camp. L. et al., 2004) . The European Pollutant Release and Transfer Register/E-PRTR is the Europe-wide register that provides access to the environmental data from industrial facilities in European Union Member States and in Iceland, Liechtenstein, Norway, Serbia and Switzerland. As an EU Member States, Romania sends every year at European Commission and European Environment Agency data from the national register/PRTR which is constituted at national level and it is part of E-PRTR. Therefore, E-PRTR data offers the possibility to analyse the pollution of heavy metals in air from Romania, the areas studied being the South-East, South-Muntenia, București-Ilfov, South-Vest Oltenia (Figure 1 ). For all mentioned areas, the E-PRTR data for industrial activity revealed that these areas didn´t have soil pollution with heavy metal, in the period 2007-2015. On the other side, the E-PRTR provides data for industrial activity regarding the pollution with heavy metal in air (Figures 2, 3, 4, 5) . The E-PRTR data shows that the main heavy metals releases in air were cadmium/Cd (e.g. 94 kg/year from Bucharest-Ilfov, in 2009), Another sector of industrial activity who polluted air from South-Est and South Muntenia was production and processing of metals. A common sector of industrial activity who polluted air from South Muntenia and South-Vest Oltenia was chemical industry. For example, in Gorj County, the soil environmental factor is mainly wasted because of natural polluting sources, but of anthropic sources, too: the mining, power, petroleum industry, stock raising industry, agriculture (Popa et al., 2016) . On the surface of the four area analysed in terms of heavy metals releases in air there is Romanian Plain with one of the most important arable land, with an area of 48.850 km² (about 20.5% from the surface of Romania).The arable lands from Romanian Plain are under pressure from atmospheric deposition of heavy metals emissions presented and there is a risk for pollution of the environment with this type of chemical element.
In Europe, it has been estimated that 3.5 million sites may be potentially contaminated with dangerous substances, with 0.5 million sites being really contaminated and needing remediation (SEC (2006) 1165). In Romania, the main techniques used in remediation practices are removal of contaminated materials and elimination in landfills or incineration, as well as in-situ bioremediation (Ernst & Young, 2013) . In this context, the purpose of the paper is to identify a potential method of remediation of the arable soil which is contaminated with heavy metals. In this order was used 8 -Hidroxyquinoline/C₉H₇NO/8-HQ which is an organic reagent and is one of the best-known and most frequently used in extraction and trace analysis (Fries/Getrost, 1977) . A good chelator should have a high affinity for the toxic metal ions, low toxicity, a high capacity to compete with endogenous chelating agents, the capacity to penetrate cell membranes, high solubility in aqueous media, the capability of forming non-toxic complex and it should have the same distribution as the metals it is aimed for (Dabu, 2015) . Also, is known that it forms insoluble complexes with metals (Sharp, 1996) . Careful selection of the precipitation milieu provides conditions permitting the separation of individual groups of elements, for example at pH 6-10 (ammonia group): Ac, Al, Be, Cd, Cu, Fe, Ga, Hf, Hg, In, La, Mg, Mn, Nb, La, Mg, Mn, Nb, Sc, Ta, Th, Ti, U, Y, Zn, Zr (Fries/Getrost, 1977 ). An antimicrobial activity of 8-HQ and its transition metal complexes against many bacterial strains was reported (S. Srisung et al., 2013) . Moreover, 8-HQ derivatives are also potent agents for neuro protection in Alzheimer´s, Parkinson´s and other degenerative diseases (Zheng et al., 2005) . Other applications of 8-HQ derivatives have been used extensively to construct highly sensitive fluorescent chemo sensors for sensing and imaging of metal ions of important biological and environmental significance (Zhang et al., 2005; Song et al., 2006; Heiskanen et al., 2007) .
MATERIALS AND METHODS
In order to resolve an accidental situation in which heavy metals pollute the arable lands, a laboratory research (Figure 6 ) was started using an etalon probe of arable soil. A chemical approach based on single extraction by ammonium nitrate solution (1M) was used to assess the performance of 8-HQ to reduce the bioavailability of metals in soil. The sample of soil was taken in a plain area from arable lands. It was collected from one soil layer at depth of 0 -20 cm. This sample was air-dried at a room temperature about 24 hours, crushed and passed through a 2-mm sieve prior to the physical-chemical analyses. From the sample presented a control sample of soil from arable land was taken (Rₗ). After that, three samples of soil of 125 g which were artificial polluted with 2.04 mg of CdCl₂, 52.96 mg of CuCl₂, 156.43 mg of ZnCl₂ and 716.42 mg of MnCl₂ were taken. These quantities were calculated so that the values match to the action levels for sensible soil (Cu, Mn, Zn) and for less sensible soil (Cd) according to Order number 756/1997. From each three artificial polluted samples were taken another three control samples (R₂-R₄). Also the 3 probes of soil were treated with different quantity of 8-Hidroxyquinoline /C₉H₇NO/8-HQ solution (0.5 mg, 10 mg and 50 mg) and these samples of soil were noted R₅-R₁₃.
The content of mobile heavy metals from all 13 samples of soil were determined by NH₄NO₃ -extractable heavy metals were extracted from soil (10 g) with 20 ml of extracting solution (NH₄NO₃ 1M). Extracts were centrifuged at 5000 rpm, filtered on a 0.2-mm Whatman filter. Clear solutions of NH₄NO₃ -extracted samples were analysed for their heavy metal content by means of flame AASpectrometer GBC Avanta 932AA. For the soil material used for the experiment, the next analysis types and methods were applied: soil reaction (pH) -Potentiometric method, in water suspension 1:2.5 v/v; C organic and Humus (H) -Walkley -Black method modified by Gogoașă; total Nitrogen (Nₜ) -Kjeldahl method; mobile phosphorus (Pₐₗ) -Egner -Riehm -Domingo method and calorimetric dosing; mobile potassium (Kₐₗ) -Egner -Riehm -Domingo method and dosing by flame photometry. The method of remediation proposed is in-situ by chemical fixation of heavy metals (Cd, Cu, Mn and Zn) using a treatment with a solution of organic reagent of 8-HQ into the polluted soil from arable land. By using this treatment heavy metals form insoluble complexes, thus decreesing the migration of heavy metals to water, plant and other environmental media.
RESULTS AND DISCUSSIONS
The initial sample of soil was analysed and the results revealed the main characteristics of soil from arable land ( Table 1) . The contents of heavy metals (extractible in solution of NH₄NO₃ 1M) from all 13 samples of soil were presented in Table 2 , where R1 represents the results for control sample from unpolluted soil untreated and R₂-R₄ represent the results for control sample from 3 samples of polluted soil untreated. Also, have an average values for results R₅-R₇ (polluted soil treated with 0.5 mg 8-HQ), R₈-R₁₀ (polluted soil treated with 10 mg 8-HQ) and R₁₁-R₁₃ (polluted soil treated with 50 mg 8-HQ) noted as A₂, A₃ and A₄. The results from R₂-R₁₃ were analysed for each chemical element and obtained the Figures number 7 for Cd, number 8 for Cu, number 9 for Mn and number 10 for Zn. After the statistical analyse of results based on the comparison of the average by difference using confidence intervals, the effect/the influence of the 8-HQ treatment on the solubility of heavy metals from artificial polluted arable soil were the following: x for Cd: the effect of reducing mobile fraction is sensed after adding 0.5 mg 8-HQ and intensified; x for Cu: the effect of reducing mobile fraction is significant after adding 0.5 mg 8-HQ and with no significant effect after adding 10 mg and 50 mg 8-HQ; x for Mn: the effect of reducing mobile fraction was not present after adding different quantities of 8-HQ, although one notices that a tendency of reducing it is not statistically supported; x for Zn: the effect of reducing mobile fraction started after adding 10 mg 8-HQ and intensified. The results showed that, in general, adding different quantities of reagent of 8-HQ the contents of mobile heavy metals are reduced.
CONCLUSIONS
In order to prevent pollution of Romanian arable soil it is important to avoid the increases of heavy metals releases in air and water. Also, to control this phenomenon it is important to analyse permanently the soil in terms of identifying the contamination with heavy metals and to avoid the pollution with this chemical elements. In the case of accidental pollution of sensible (arable or residential) soil with heavy metals, this article purposes to use 8-hidroxyquinoline/ C₉H₇NO/8-HQ which forms insoluble complexes with metals. So it is a chemical remediation method in-situ who can stop the migration of heavy metals in soil. 
